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Abstract
Most birds, especially raptors such as owls (Strigiformes), egest pellets, which are
regurgitated masses of the owl’s prey. The contents of the pellets may contain hair, teeth, and
bones which are usually indigestible since an owl’s stomach lacks the necessary ability to break
down the ingested material. Furthermore, the formed pellets cannot pass through the digestive tract
and are regurgitated since it would either be too dangerous to pass through the digestive system or
would block additional ingestion of new food, hence the reason to egest the pellets. Research on
the pathogenic bacteria in owl pellets are scant but understanding the number and types of bacteria
may be helpful in determining a safe way to handle pellets, since there have been multiple cases
of recorded Salmonella breakouts in elementary schools. If pathogenic bacteria such as Salmonella
could be transmitted through touching a pellet, then it could also affect organisms within the owl’s
environment. We tested pellets from different species of owls by isolating bacteria on various
selective-differential media to identify presumptive pathogens. We believe that there are a variety
of pathogenic bacteria in owl pellets and identifying the types of bacteria may help elucidate the
kinds of diseases the pellets may hold. From the results we can conclude that there appears to be
some bacteria that could possibly be pathogenic. For example, the data for yellow MSA colonies,
which is presumptive for Staphylococcus aureus, have more bacteria in the larger pellets. Another
factor is that the diet and the environment of the owl may also influence the types of bacteria found.
Our results could be used to advise handlers on safe practices when working with owl pellets and
suggest treatment measures if handlers are exposed.
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Introduction
Studies done specifically on bacteria count and the types in owl pellets are scarce, but the
implications of this research can provide information to advise handlers on safe practices when
working with owl pellets and suggest treatment measures if the handler is exposed. Many studies
rely on analysis of the bird pellet to estimate field abundance of prey, since almost whole skeletons
of mammals can be found in them [1, 2]. However, another benefit that could come from
examining owl pellets is to determine what bacteria are commensal or pathogenic; most animals
have bacteria on them and in them, such as gut flora that helps with digestion, hence any
information gathered from an owl’s pellet could help determine if the pellet’s content could affect
other organisms within the owl’s environment and humans.
In order to understand how the formation of the pellet occurs, it is important to know the
anatomy and digestion processes of an owl. The anatomy of an owl is similar in all aspects to other
birds except they lack a crop [3]. A crop is an enlarged pocket of the esophagus that serves as a
temporary food storage for birds. Birds have two chambers for their stomach, the proventriculus
and the ventriculus, the latter known as the gizzard; since owls swallow their prey whole, the food
passes through the esophagus and straight into the proventriculus where most of the main chemical
digestion occurs, and then moves onto the gizzard for mechanical digestion and formation of the
pellet [4,5].
Bangert et al. [6] found that the most common bacteria from the gastrointestinal (GI) tract
of raptors were Escherichia coli and Streptococcus spp; they also stated that the bacteria found in
the digestive tract of raptors may be heavily dependent on diet, environmental exposure, and
geographical location. Although most of their studies focused heavily on aerobic bacteria found

Sensitivity: Business Internal

4
on the fecal matter of raptors, it may also be suggested that the same kind bacteria may be found
in the egested pellet.
One of the most common enteric pathogenic bacteria found in the gut of most wild birds,
domestic animals, poultry, and pellets is thermotolerant Campylobacter spp., specifically C. jejuni
[7, 8]. Thermotolerant Campylobacter spp., and many other enteric bacteria are found in the
intestinal mucosa and tests done on birds of prey were tested positive for both C. jejuni and C. coli
[7, 8]. Campylobacter species such as C. jejuni are some of the most common zoonotic bacteria
that can be transmitted to humans [9, 10].
Studies done by Zhu et al. [11] show that most bacteria such as E. coli and Salmonella do
not survive long in low levels of pH. E. coli and Salmonella are effectively killed at pH levels
lower than 3.0, but survivability is increased if bacteria bind to food content which has a buffering
effect against low levels of pH. Waterman and Small [12] found that Salmonella and other enterics
that are normally killed in strong acidic environments, can survive on surfaces of food at a pH
level of 2.5 to 4 for several hours; they believe that the food content may raise the pH levels in the
area surrounding the infected medium, allowing safe passage for the bacteria to pass. Even an
enzyme such as pepsin, which is responsible for the breakdown of food, may have no effect against
enterics such as E. coli, which are usually killed in pH levels as high as 3.5 [5,11]. Duke et al. [13]
found that the average pH level in the gastric juices in owls is 2.4 [13]. Another factor that may
provide acid resistance to some enteric pathogens such as E. coli may be the generation of an acid
buffer due to the high protein diet owls consume; the protein acts as a buffer by increasing the pH
in the surrounding area, ultimately protecting the bacteria [14]. Although the Salmonella bacteria
is seldom found in raptors, there have been multiple cases of Salmonella outbreaks that may have
been caused by the dissection of a pellet from a captive barred owl at elementary schools [15].
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Observations done by Grimm and Whitehouse [16] found that in adult Great Horned owls
(Bubo virginianus), the stomach pH approaches a neutral level during pellet formation, which
could further provide a conducive environment for bacteria such as E. coli and Salmonella to
proliferate in the owl’s ventriculus; Grimm and Whitehouse [16] also noted that it only took
approximately 4 minutes for the pellet to be completely discharged from the ventriculus. The meal
to pellet interval (MPI) and its passage time is another factor to consider since the GI tract of owls
are much shorter than most mammals which lends to the conclusion that the pellet is not exposed
to chemicals in the stomach for long periods of time [17].

Materials and Methods
Samples and Storage
Species
Screech
Owl
Great
Horned
Owl
Barred
Owl

Weight
1.57g Control
1.86g UV treated
6.50g
8.07g
1.80g

Fig 1. Weights from the different owl pellets.

We obtained two Screech owl (Megascops asio) pellets, four Great Horned owl pellets on
July 24, 2017, from a Wildlife and Rescue Rehabilitation center in George County, Mississippi.
Another pellet was later obtained on October 14, 2017, from the gizzard of a Barred owl during
dissection. All the pellets were stored with the presence of phosphate buffer saline (PBS) with 15%
glycerol at 4 ̊ C. One Screech owl pellet and two Great Horned owl pellets were used to explore
the best way to isolate the bacteria, hence why only one Screech Owl pellet and two Great Horned
owl pellets were used in the overall experiment.
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A Barred owl (Strix varia) from the Museum of Natural Science in Jackson, Mississippi
was dissected in the lab at the museum. The owl was retrieved from Glenfield Road in Canton,
Mississippi. The gastrointestinal tract (GI) was separated from the Barred owl and we isolated
sections of the proventriculus, ventriculus, large intestines, and small intestines. The ends of each
biopsied section were cauterized with a heated scalpel and stored in sterile containers and
submerged in phosphate buffer saline (PBS) with 15% glycerol [18]. The GI tract was brought
back to the lab at the Mississippi University for Women and stored at 4 ̊ C.

Isolation and Plating of Bacteria
We first removed surface bacteria from a Screech owl pellet by cutting it in half and
weighing each portion. One half of the pellet acted as the control (1.5 g) with no UV radiation and
the other half exposed to UV (1.8 g) light for 5 minutes to destroy any surface bacteria [19]. The
two samples were then macerated separately, each diluted with 2.7 mL of PBS.
We extracted the solution from both the UV treated and control pellets and pipetted the
solution into separate Eppendorf tubes labeled undiluted UV and undiluted control; then a serial
dilution was made from both UV treated and control solution [20]. 500 μL of each sample was
plated on Tryptic soy agar (TSA); the samples ranged from undiluted to those dilute to 1.0 x 10-10.
The bacterial cultures were incubated at 37 ̊ C for 24hrs on tryptic soy agar (TSA).
After incubation, we selected the plates that were viable for counting colony forming units
(CFU). Then we replica plated the TSA plates onto Hektoen enteric agar (HEA), Mannitol salt
agar (MSA), and MacConkey lactose agar (Maclac). The replica plates were also incubated at 37 ̊
C for 24hrs.
We proceeded with isolating the Horned owl pellets and Barred owl pellets using the same
process but diluted the pellets according to weight. For every gram of pellet, we used 1.5 mL of
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PBS during the maceration to create the solution. Time of UV treatment for the Horned owl pellets
was also increased to 7 minutes and flipped at 3 ½ minutes due to its size. The Barred owl’s
sectioned GI samples (proventriculus, ventriculus, small intestine, large intestine) were weighed
and treated with isopropyl alcohol to kill surface bacteria. Each sectioned sample was macerated
with a mortar and pestle to break apart the tissue and then diluted with 2.5 mL of PBS with 15%
glycerol. Instead of creating an undiluted solution of each biopsy sample, we proceeded with
making a 1.0 x 10-1 dilution by pipetting 500 μL of each sample into separate labeled tubes of 4.5
mL of PBS with 15% glycerol. Then we continued making a serial dilution of each sample up to
1.0 x 10-10. After making serial dilutions, we pipetted 500 μL of each sample onto TSA plates and
incubated at 37 ̊ C for 24hrs. Hektoen enteric agar is used to select for enterics such as Salmonella
and Shigella through the use of bile salts to inhibit certain bacteria and differentiating the ones that
can ferment lactose and salicin or sucrose, and sulfur to produce hydrogen sulfide gas. Salmonella
produces blue-green colonies that may or may not be black or completely black, while Shigella
forms transparent green colonies. The black precipitate is formed when hydrogen sulfide gas
produced by the bacteria reacts to the ferric ammonium citrate in the agar. Gram-negative bacteria
may also produce yellow-orange colonies in HEA [21].
Mannitol salt agar is also another selective-differential media that is usually used to isolate
gram-positive bacteria such as Staphylococcus aureus and Staphylococcus epidermidis by using a
high percentage of sodium chloride (7.5% w/v), sugar mannitol, and a pH indicator phenol red. If
there is Staphylococcus aureus present, then it should ferment the mannitol sugar in the media,
produce carbon dioxide, and lastly turn the phenol red to yellow. Presumptive Staphylococcus
epidermidis will grow on MSA but will produce red colonies [19].
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MacConkey Lactose Agar selects for facultatively anaerobic gram-negative rods. Bile salts
and crystal violet in the media inhibits non-enterics and gram-positive organisms and allows for
the growth of coliforms and noncoliforms. Noncoliforms are unable ferment the lactose agar and
will produce light yellow or colorless colonies, while coliforms will produce bright pink colonies
due to the reaction of the methyl red to the acid being produced by fermenting the lactose agar
[19].

Identification
We made presumptive identification of pathogens by observing the bacteria that grew on
the various selective-differential plates. MSA plates select for presumptive Staphylococcus aureus
which show up as yellow colonies while Staphylococcus epidermidis will show up as red colonies
(Fig. 1a). Maclac plates select for coliform and noncoliform enterics; if pink colonies appear on
Maclac then we can presume it is coliform enterics and if the colonies are colorless or yellow we
can presume it is noncoliform enterics (Fig. 1a). HEA plates select for Shigella, Salmonella, and
gram-negative coliforms; Green-blue colonies are presumed to be Shigella and black colonies are
presumed to be Salmonella. Orange, pink, to yellow colonies on HEA are presumed to be gramnegative enteric coliforms (Fig. 1b).
After identifying the pathogens on the plates, we then counted the colonies of the various
types of media from the different owl species that were not too numerous to count or confluent
(S1 table). After counting the plates, we selected the data that were viable for data interpretation
and averaged them according to owl species and media type. Bacteria per mL is given by
# 𝑐𝑜𝑙𝑜𝑛𝑦 𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑢𝑛𝑖𝑡𝑠

.

(𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑙𝑎𝑡𝑒𝑑)(𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)

We then converted bacteria per mL to bacteria per gram which is given by
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# 𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎
𝑚𝐿

𝑥

# 𝑚𝐿 𝑝𝑒𝑙𝑙𝑒𝑡 𝑤𝑎𝑠 𝑚𝑎𝑐𝑒𝑟𝑎𝑡𝑒𝑑 𝑖𝑛
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑒𝑙𝑙𝑒𝑡 (𝑔)

.

Results

Mannitol salt agar
(MSA) with yellow
colonies. Select for
presumptive
Staphylococcus
Aureus.

Mannitol salt agar
(MSA) with red
colonies select for
presumptive
Staphylococcus
epidermidis.

MacConkey lactose
agar (Maclac) with
pink colonies select
for coliform enterics.

MacConkey lactose
agar (Maclac) with
yellow or colorless
select for
noncoliform enterics.

Fig 2a. Presumptive Identification of bacteria from (left to right) Mannitol salt agar and MacConkey lactose agar.

HEA with black colonies
select for presumptive
Salmonella.

HEA with pink/orange/yellow
colonies select for coliforms.

Fig 2b. Presumptive identification of bacteria from Hektoen enteric agar.
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HEA with blue-green
colonies select for
presumptive Shigella.
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Statistical Analyses
We did not do any statistical analysis due to the lack of viable data. Our sample size was
too small and some of the bacterial growth on the selective-differential media were too confluent.
Overall, we did not have enough qualitative and quantitative data to provide any statistical
analyses, but further studies with a larger sample size could improve our results and conclusion.

Screech Owl (Megascops asio)
The UV treated pellet (1.86g) and control pellet (1.57g) of the Screech owl did not show
much of a difference in the number of CFUs, presumably meaning that either UV treatment did
not damage the contents inside of the pellet or there was a lack of external contamination. There
were two types of colony morphologies that appeared throughout the TSA plate. One morphology
had a flat elevation and filamentous form, while the other had a convex elevation with punctiform
form. The dilution factors of 1.0 x 10-1 for both UV treated and control pellet were confluent and
too numerous to count. Dilution factors 1.0 x 10-2 to 1.0 x 10-4 for UV treated pellet resulted in
715, 138, 14, and 1 CFUs respectively. Dilution factors 1.0 x 10-2 to 1.0 x 10-4 for control pellet
resulted in 488, 98, 13, and 2 CFUs respectively. Average of bacteria per gram for TSA UV treated
was 3.50 x 105 with a standard error of the mean (SEM) of 6.75 x 104 (Fig 3a).
Replica plating for MSA showed that only presumptive Staphylococcus aureus grew on
the plates and its morphology appeared to have a convex elevation and circular form. The dilution
factor of 1.0 x 10-1 to 1.0 x 10-3 for MSA resulted in 351, 71, and 23 respectively. Average of
bacteria per gram for MSA was 3.36 x 104 with a SEM of 1.80 x 104 (Fig 3a).
Maclac showed only presumptive enteric coliform (pink) colonies and its morphology
appeared to have a convex elevation with a punctiform form. The dilution factor of 1.0 x 10-1 to
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1.0 x 10-3 resulted in 186, 21, and 1 CFUs respectively. Average of bacteria per gram for Maclac
was 4.96 x 103 with a SEM of 1.00 x 103.
HEA showed only presumptive enteric coliform (orange) colonies and its morphology had
convex elevation and punctiform form (Fig 3a). Only dilution factors of 1.0 x 10-1 to 1.0 x 10-2
showed any growth and resulted in 177 and 20 CFUs respectively. Average of bacteria per gram
for HEA (orange) was 5.66 x 103 with a SEM of 3.45 x 102 (Fig 3a).

Great Horned Owl (Bubo virginianus)
The Great Horned owl pellet that weighed 6.50g had presumptive Staphylococcus aureus
(yellow colonies) and presumptive Staphylococcus epidermidis (red colonies) growing on MSA
plates. Dilution factor of 1.0 x 10-5 to 1.0 x 10-6 had yellow colonies with 7 and 1 CFUs
respectively. The red colonies grew on 1.0 x 10-5 to 1.0 x 10-6 with 6 and 1 CFUs respectively. The
yellow colonies appeared to be punctiform in form and flat in elevation, while the red colonies
appeared circular in form and flat in elevation. The average of bacteria per gram of MSA yellow
colonies was 4.50 x 106 with SEM of 1.50 x 106 while the average of red colonies is 1.65 x 107
with SEM of 1.35 x 107 (Fig 3b).
The colonies that grew on the Maclac plate had only presumptive enteric coliforms (pink).
Dilution factors of 1.0 x 10-5 to 1.0 x 10-7 resulted in pink colonies with 217, 13, and 2 CFUs
respectively. The morphology of the pink colonies appeared to be punctiform in form with convex
elevation. The average bacteria per gram on the Maclac plate was 5.47 x 107 bacteria per gram
with a SEM of 7.99 x 106 (Fig 3b). The dilution factors up to 1.0 x 10-4 were either too numerous
to count or confluent, but did have colorless colonies, which is presumptive of enteric
noncoliforms with the same morphologies as the pink colonies.
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The 6.50g Great Horned owl pellet on HEA had blue and black colonies which is
presumptive for Shigella and Salmonella respectively. The blue colonies grew on dilution factors
of 2.07 x 10-5 to 1.0 x 10-7 which resulted in 69, 10, and 1 CFUs respectively. The average bacteria
per gram of HEA blue was 2.69 x 107 with SEM of 3.10 x 106 (Fig 3b). The black colonies grew
on dilution factors of 1.0 x 10-5 to 1.0 x 10-6 which resulted in 28 and 2 CFUs respectively. The
average bacteria per gram of HEA black is 7.20 x 106 with SEM of 1.20 x 106. Both blue and black
colonies’ morphology appeared irregular in form and slightly raised in elevation.
The Great Horned owl pellet that weighed 8.07g only had presumptive Staphylococcus
aureus that grew on dilution factors of 1.0 x 10-9 to 1.0 x 10-10 with CFUs at 415 and 96
respectively. The yellow colonies also appeared circular in form and flat in elevation. The average
bacteria per gram of MSA with yellow colonies for the 8.07g Great Horned owl pellet was 2.06 x
1012 with a SEM of 8.18 x 1011 (Fig 3c). HEA showed orange colonies (enteric coliforms) that
grew on dilution factors of 1.0 x 10-5 to 1.0 x 10-7 with 124, 11 and 1 CFUs respectively. The
orange colony morphology were punctiform in form and convex in elevation. The average of
bacteria per gram on HEA was 3.34 x 107 with SEM of 2.09 x 106 (Fig 3c). The dilution factors
up to 1.0 x 10-4 for HEA were too numerous to count and confluent, but the plate did show growth
of black and blue colonies which is presumptive for Salmonella and Shigella respectively.

Barred Owl (Strix varia)
The TSA plates for the Barred owl had colonies on dilution factors of 1.0 x 10-1 to 1.0 x
10-3 which resulted in 105, 23, and 3 CFUs respectively. There were 3 types of morphologies that
grew on the TSA plates. Some of the colonies were filamentous in form and flat in elevation, some
were circular in form and flat in elevation, while the rest were punctiform in form and convex in
elevation. The average of bacteria per gram on TSA was 6.35 x 103 with a SEM of 1.71 x 103 (Fig
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3d). MSA yellow which presumptively selects for Staphylococcus aureus grew on dilution factors
of 1.0 x 10-1 to 1.0 x 10-2 which resulted in 60 and 12 CFUs respectively. The morphology of the
yellow colonies were punctiform in form and flat in elevation. The average bacteria per gram on
MSA was 2.70 x 103 with a SEM of 9.00 x 10 (Fig 3d).

Sectioned Gastrointestinal Tract Samples
The GI tract samples revealed mixed results and the dilution factors up to 1.0 x 10-10 had
confluent colonies. The morphology of the colonies were either filamentous in form or flat in
elevation or punctiform in form and convex in elevation. We did not do a replica plating of the
TSA plates due to the mixed results.

Screech owl (1.86g) number of bacteria/g
Bacteria per gram

1.00E+06

3.50E+05

1.00E+05

3.36E+04

1.00E+04

4.96E+03

5.66E+03

Maclac

HEA
Pink/Yellow/Orange

1.00E+03
1.00E+02
1.00E+01

TSA

MSA Yellow

Types of Media

Fig 3a. Screech owl bacteria per gram on TSA, MSA, Maclac and HEA. Standard error of the mean from left to
right: TSA SEM 1.71 x 103, MSA yellow SEM 9.00 x 102, Maclac SEM 4.96 x 103, and HEA pink/yellow/orange
SEM 5.66 x 103. TSA selects for a variety of bacteria. MSA selects for presumptive Staphylococcus aurerus
(yellow) and Staphylococcus epidermidis (red). Maclac selects for presumptive enteric coliforms and noncoliforms.
HEA selects for presumptive Salmonella (black) and Shigella (blue), and gram-negative enteric coliforms (orange).
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Great Horned owl (6.50g) number bacteria/g
5.47E+07

1.00E+08

Bacteria per gram

1.00E+07

1.59E+07

2.69E+07
7.20E+06

4.50E+06

1.00E+06
1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01

MSA Yellow

MSA Red

Maclac

HEA Blue

HEA Black

Types of Media

Fig 3b. Great horned owl (6.50g) bacteria per gram. Standard error of the mean from left to right: MSA yellow SEM
1.50 x 106, MSA red SEM 1.41 x 107, Maclac SEM 7.99 x 106, HEA blue SEM 3.10 x 106, and HEA black SEM
1.20 x 106. MSA selects for presumptive Staphylococcus aurerus (yellow) and Staphylococcus epidermidis (red).
Maclac selects for presumptive enteric coliforms and noncoliforms. HEA selects for presumptive Salmonella
(black), Shigella (blue), and gram-negative enteric coliforms (orange).

Great Horned owl (8.07g) number of bacteria/g

Bacteria per gram

1.00E+13

2.06E+12

1.00E+11
1.00E+09

3.34E+07

1.00E+07
1.00E+05
1.00E+03
1.00E+01

MSA Yellow

HEA Pink/Yellow/Orange

Types of Media
Fig 3c. Great Horned Owl (8.07g) bacteria per gram. Standard error of the mean from left to right: MSA yellow
SEM 8.18 x 1011 and HEA pink/yellow/orange SEM 2.09 x 10 6. MSA selects for presumptive Staphylococcus
aurerus (yellow) and Staphylococcus epidermidis (red). HEA selects for presumptive Salmonella (black), Shigella
(blue), and gram-negative enteric coliforms (orange).
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Barred owl (1.80g) number of bacteria/g
1.00E+04

6.35E+03

Bacteria per gram

2.70E+03
1.00E+03

1.00E+02

1.00E+01

TSA

MSA Yellow

Types of Media
Fig 3d. Barred owl bacteria per gram. Standard error of the mean from left to right: TSA SEM 1.71 x 10 3 and MSA
yellow SEM 9.00 x 102. TSA select for a variety of bacteria and MSA selects for presumptive Staphylococcus
aurerus (yellow) and Staphylococcus epidermidis (red).

Discussion
The tests we did on the pellets can only provide us with presumptive identification of the
bacteria we isolated. From the various selective-differential media that we used, we can assume
that there are a variety of enteric and naturally occurring bacteria in owl pellets, but caution should
still be taken when handling pellets to prevent exposure and infection. The purpose of selectivedifferential media such as Hektoen enteric Agar, Mannitol salt agar, and MacConkey lactose agar
is to inhibit the growth of some bacteria but allow other types of bacteria to grow. This provides a
way to identify the types of bacteria by observing the color of the cultures grown.
All pellets we tested produced colonies on the various selective-differential media, but the
Barred owl pellet only showed growth on the MSA plates. Maclac and HEA had no growth
possibly due to the fact that the freezing process for the owl we dissected may have killed off much
of the bacteria we were testing for. We also did not get as much data as we had hoped for due to
the inconsistency of bacterial growth at different dilution factors, hence only a select few data were
viable for use. The inconsistency may be a result of human error or unexpected growth behavior
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of the different types of bacteria. The cultures for the GI biopsy samples also did not yield the
results we expected, since the bacterial growth was mostly confluent throughout the different
dilution factors. The results from the biopsy samples may have also been due to the
freezing/storage process killing the bacteria.
From our results, we can assume that there are various types of bacteria that may be
pathogenic but otherwise we lack viable quantitative and qualitative data to fully come to a
conclusion; future research using techniques such as microarrays or real time PCR would be
helpful to conclusively identify the genus and species of the bacteria. In addition, knowing the
specific types of bacteria and pathogens on the pellet may help advise handlers on how to safely
handle the pellets and provide suggestions if exposed. However, due to using various selectivedifferential media without further experiments, we can only make presumptive identification by
the indicators that helps distinguish the different colonies on the media.
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S1 Table: Serial Dilutions to enumerate bacteria in a population
Barred Owl 1.80
Screech Owl 1.86 (g)
(g)
Dilution
factor

TSA

Maclac
Pink

1.0 x 10-1

105

67

1.0 x

10-2

23

12

1.0 x

10-3

3

TSA

MSA
Yellow

Maclac
Pink

HEA
Pink/Orange/Yellow

351

186

177

715

71

21

21

138

23

1

1

1.0 x 10-4

14

1.0 x 10-5

1

1.0 x

10-6

1.0 x

10-7

Great Horned Owl 6.50 (g)

Great Horned Owl 8.07 (g)

MSA
Yellow

MSA
Red

Maclac
Pink

HEA
Blue

HEA
Black

7

6

217

69

28

1

1

13
2

MSA
Yellow

HEA
Pink/Orange/Yellow

HEA
Black

124

3

10

11

1

1

1

1.0 x 10-8
1.0 x 10-9

415

1.0 x 10-

96

10

Selected serial dilutions to use as data. Grey boxes indicate either too numerous to count colonies or data that would not be viable to be used in the graph.
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